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Description 
Title of the Invention 

Matrix- type Display Apparatus, and Driving Method for the 
same 

Technical Field 

The present invention relates to a matrix-type display 
apparatus which drives a plurality of pixels disposed in 
matrix form and displays an image, and its driving method. 

Background Art 

In a liquid-crystal display apparatus where a TN (or 
twisted nematic) system is used, a liquid crystal has a 
refractive-index anisotropy, a twist orientation, or the 
like. Thus, a beam of light which passes through a 
liquid-crystal layer is subjected to various birefringence 
effects, depending upon its direction or angle. This allows 
a complicated visual-angle dependence to appear. For example, 
the whole screen image becomes whitish at an upper visual 
angle while the entire screen image becomes dark at a lower 
visual angle. Besides, light and shade are reversed within 
an image ' s low- luminance range . In terms of these visual -angle 
characteristics, various techniques have been developed for 
widening a viewing angle about a luminance, a hue, a contrast 
characteristic, a gradation characteristic, or the like. 
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For example, Japanese Patent Laid-Open No. 5-68221 
specification discloses a liquid-crystal display apparatus. 
If the number of times at which a signal is written in one 
pixel for a one-field period is n, then n + 1 levels are driven 
using only two black and white values. The other levels are 
driven using a combination of a gray level and white or black 
level. Thereby, a 7 -characteristic (i.e., a transmittance 
characteristic according to an input level) is changed. 

In addition, another liquid-crystal display apparatus 
is disclosed in Japanese Patent Laid-Open No. 9-90910 
specification. A plurality of applied voltages which are 
generated by a plurality of conversion methods of converting 
input signals at the same level into different applied voltages 
are selectively applied for each pixel. Thereby, two different 
types of 7 -characteristics are switched so that the 
distribution area ratios are identical. 

However , in the former liquid-crystal display apparatus , 
two black and white values are used only in the case where 
the transmittance to be used for display is 50 percent. Then, 
a combination of a gray level and white or black level is 
used in the case of the other transmittances . Hence, a viewing 
angle characteristic can be improved at a transmittance of 
50 percent. However, at a transmittance other than this, 
for example, at 25 percent or 75 percent, if a viewing angle 
is deflected, a 7 -characteristic after synthesized deviates 
largely from an intrinsic 7 -characteristic. This makes it 
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impossible to realize a good viewing angle characteristic 
at a wide-ranging transmittance . 

Furthermore, in the latter liquid-crystal display 
apparatus, a synthetic T -characteristic is used which is 
obtained through a synthesis after two types of 7 
-characteristics are changed so that the distribution area 
ratios are the same . Therefore, if a viewing angle is deflected , 
then in accordance with a transmittance, a T -characteristic 
after synthesized deviates largely from an intrinsic 7 
-characteristic. Even in this case, a good viewing angle 
characteristic cannot be realized at a wide-ranging 
transmittance . 

Disclosure of the Invention 

It is an object of the present invention to provide 
a matrix-type display apparatus and its driving method which 
are capable of realizing a good viewing angle characteristic 
at a wide-ranging transmittance. 

A matrix-type display apparatus according to an aspect 
of the present invention which drives a display panel including 
a plurality of pixels disposed in matrix form and displays 
an image, characterized by including: a converting means 
for 7 -converting an input video signal, using n (which is 
an integer of two or above) pairs of 7 -characteristics which 
are made up of first and second 7 -characteristics different 
from each other; and a selecting means for selecting one 
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pair of 7 -characteristics from among the n pairs of 7 
-characteristics according to a transmittance to be used 
for display, and selecting an output supplied to the display 
panel from among the 2n outputs which are 7 -corrected by 
the converting means, so that a first distribution area ratio 
of pixels driven by the video signal 7 -corrected by use of 
the first 7 -characteristic of the selected pairs of 7 
-characteristics and a second distribution area ratio of 
pixels driven by the video signal 7 -corrected by use of the 
second 7 -characteristic of the selected pairs of 7 
-characteristics are equal to a distribution area ratio 
specified in advance for the selected pairs of 7 
-characteristics . 

In this matrix- type display apparatus, a video signal 
is 7 -converted, using n (which is an integer of two or above) 
pairs of 7 -characteristics which are made up of first and 
second 7 -characteristics different from each other. Then, 
one pair of 7 -characteristics are selected from among the 
n pairs of 7 -characteristics according to a transmittance 
to be used for display, and an output supplied to the display 
panel is selected from among the 2n outputs so that a first 
distribution area ratio of pixels driven by the video signal 
7 -corrected by use of the first 7 -characteristic of the 
selected pairs of 7 -characteristics and a second distribution 
area ratio of pixels driven by the video signal 7 "corrected 
by use of the second 7 -characteristic of the selected pairs 
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of 7 -characteristics are equal to a distribution area ratio 
specified in advance for the selected pairs of 7 
-characteristics. Therefore, the video signals 7 -corrected 
by use of the first and the second 7 -characteristics suitable 
for a transmittance to be used for display are selected to 
be a distribution area ratio suitable for the transmittance 
to be used for display. This helps realize a good viewing 
angle characteristic at a wide-ranging transmittance. 

It is preferable that the selecting means select an 
output supplied to the display panel from among the 2n outputs 
which are 7 "corrected by the converting means, so that the 
first distribution area ratio and the second distribution 
area ratio are equal to the distribution area ratio in a 
block unit of (n+1) pixels per block. Herein, preferably, 
the first distribution area ratio and the second distribution 
area ratio for each pair of 7 -characteristics should be 
selected out of k/(n+l) and (l-k)/(n+l), if k is an integer 
of one to n. 

In this case, in a block unit of (n + 1) pixels per block, 
the first distribution area ratio and the second distribution 
area ratio can be equated with the distribution area ratio 
suitable for a transmittance to be used for display . Therefore , 
using a general display panel in which each pixel has one 
and the same formation, a good viewing angle characteristic 
can be realized at a wide-ranging transmittance. 

Each pixel of the display panel may also be made up 
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of, as one pixel, a first sub-pixel which has a first pixel 
area Sa and a second sub-pixel which has a second pixel area 
Sb (=mXSa, herein, m>l), and the selecting means may also 
select an output supplied to the display panel from among 
the 2n outputs which are 7 -corrected by the converting means, 
so that the first distribution area ratio and the second 
distribution area ratio are equal to the distribution area 
ratio in a block unit of the one pixel per block. Herein, 
preferably, the first distribution area ratio and the second 
7 -distribution area ratio for each pair of 7 -characteristics 
should be selected out of l/(m+l) and m/(m+l). 

In this case, in a block unit of the first sub-pixel 
and the second sub-pixel per block, the first distribution 
area ratio and the second distribution area ratio can be 
equated with the distribution area ratio suitable for a 
transmittance to be used for display. Therefore, using a 
display panel which includes two types of sub-pixels, a good 
viewing angle characteristic can be realized at a wide-ranging 
transmittance . 

It is preferable that the second pixel area Sb satisfy 
the relation of 1 . 5Sa^ Sb^ 3Sa . In this case, without lowering 
a display definition, using a display panel which includes 
two types of sub-pixels, a good viewing angle characteristic 
can be realized at a wide-ranging transmittance. 

Each pixel of the display panel may also be made up 
of, as one pixel, a first sub-pixel which has a first pixel 
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area Sa and a second sub-pixel which has a second pixel area 
Sb (=mXSa, herein, m>l), and the selecting means may also 
select an output supplied to the display panel from among 
the 2n outputs which are 7 -corrected using each 7 
-characteristic by the converting means, so that the first 
distribution area ratio and the second distribution area 
ratio are equal to the distribution area ratio in a block 
unit of the two pixels per block. Herein, preferably, the 
first distribution area ratio and the second 7 "distribution 
area ratio for each pair of 7 -characteristics should be 
selected from among l/(2+2m), m/(2+2m), 2/(2+2m), 
( 1+m) / ( 2+2m) , 2m/(2+2m), ( 2+m) / ( 2+2m) , and ( 2m+l ) / ( 2+2m) . 

In this case, in a block unit of the two first sub-pixels 
and the two second sub-pixels per block, the first distribution 
area ratio and the second distribution area ratio can be 
equated with the distribution area ratio suitable for a 
transmittance to be used for display. Therefore, the number 
of distribution area ratios to be set can be raised, thus 
increasing the number of pairs of 7 -characteristics. 
Accordingly, using a display panel which includes two types 
of sub-pixels, a good viewing angle characteristic can be 
realized at a wide-ranging transmittance. 

It is preferable that the second pixel area Sb satisfy 
the relation of 1 . 2Sa^ SbSS 2Sa . In this case, without lowering 
a display definition, using a display panel which includes 
two types of sub-pixels, a good viewing angle characteristic 
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can be realized at a wide-ranging transmittance. 

Preferably, the selecting means should select an output 
supplied to the display panel from among the 2n outputs which 
are 7 ^corrected by the converting means, in a unit of one 
pixel made up of an R-pixel, a G-pixel and a B-pixel. In 
this case, the 7 -characteristic is changed in a unit of one 
pixel made up of an R-pixel, a G-pixel and a B-pixel. This 
makes it possible to simplify the configuration of the 
apparatus . 

It is preferable that the selecting means select an 
output supplied to the display panel from among the 2n outputs 
which are 7 -corrected by the converting means, for each of 
an R-pixel, a G-pixel and a B-pixel which are each set as 
one pixel. In this case, the 7 -characteristic can be changed 
in each pixel unit of an R-pixel, a G-pixel and a B-pixel. 
This makes it possible to simplify the configuration of the 
apparatus. Therefore, the 7 -characteristic can be used 
according to each characteristic of the R-pixel, the G-pixel 
and the B-pixel. This helps realize a good viewing angle 
characteristic at a wide-ranging transmittance. 

Preferably, the display panel should be a liquid-crystal 
display panel. In this case, in a liquid-crystal display 
apparatus which has a great viewing angle characteristic, 
a good viewing angle characteristic can be realized at a 
wide-ranging transmittance . 

A driving method for a matrix-type display apparatus 
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according to another aspect of the present invention which 
drives a display panel including a plurality of pixels disposed 
in matrix form and displays an image, characterized by 
including: a converting step of 7 -converting an input video 
signal, using n (which is an integer of two or above) pairs 
of 7 -characteristics which are made up of first and second 
7 -characteristics different from each other; and a selecting 
step of selecting one pair of 7 -characteristics from among 
the n pairs of 7 -characteristics according to a transmittance 
to be used for display, and selecting an output supplied 
to the display panel from among the 2n outputs which are 
7 -corrected in the converting step, so that a first 
distribution area ratio of pixels driven by the video signal 
7 -corrected by use of the first 7 -characteristic of the 
selected pairs of 7 -characteristics and a second distribution 
area ratio of pixels driven by the video signal 7 -corrected 
by use of the second 7 -characteristic of the selected pairs 
of 7 -characteristics are equal to a distribution area ratio 
specified in advance for the selected pairs of 7 
-characteristics . 

In this driving method for a matrix-type display 
apparatus, a video signal is 7 -converted, using n (which 
is an integer of two or above) pairs of 7 -characteristics 
which are made up of first and second 7 -characteristics 
different from each other . Then, one pair of 7 -characteristics 
are selected from among the n pairs of 7 -characteristics 
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according to a transmittance to be used for display, and 
an output supplied to the display panel is selected from 
among the 2n outputs so that a first distribution area ratio 
of pixels driven by the video signal as 7 corrected by use 
of the first 7 -characteristic of the selected pairs of 7 
-characteristics and a second distribution area ratio of 
pixels driven by the video signal as 7 corrected by use of 
the second 7 -characteristic of the selected pairs of 7 
-characteristics are equal to a distribution area ratio 
specified in advance for the selected pairs of 7 
-characteristics. Therefore, the video signals as 7 corrected 
by use of the first and the second 7 -characteristics suitable 
for a transmittance to be used for display are selected to 
be a distribution area ratio suitable for the transmittance 
to be used for display. This helps realize a good viewing 
angle characteristic at a wide-ranging transmittance. 

Brief Description of the Drawings 

Fig. 1 is a block diagram, showing the configuration 
of a liquid-crystal display apparatus according to a first 
embodiment of the present invention. 

Fig. 2 is a graphical representation, showing an example 
of a first type of first 7 -characteristic 7 1A and second 
7 -characteristic 7 2A which are used in the liquid-crystal 
display apparatus shown in Fig. 1. 

Fig. 3 is a graphical representation , showing an example 
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of a second type of first 7 -characteristic 7 IB and second 
7 -characteristic 7 2B which are used in the liquid- crystal 
display apparatus shown in Fig. 1. 

Fig. 4 is a graphical representation , showing an example 
of a third type of first 7 -characteristic 7 1C and second 
7 -characteristic 7 2C which are used in the liquid-crystal 
display apparatus shown in Fig. 1. 

Figs. 5A to5C are illustrations, showing an example 
of change patterns for first to third types of pairs of 7 
-characteristics which are used in the liquid-crystal display 
apparatus shown in Fig. 1. 

Fig. 6 is a graphical representation , showing an example 
of the control of a 7 -characteristic in accordance with a 
transmittance in the liquid-crystal display apparatus shown 
in Fig. 1. 

Fig. 7 is a block diagram, showing the configuration 
of a liquid-crystal display apparatus according to a second 
embodiment of the present invention. 

Fig. 8 is an illustration, showing the configuration 
of a pixel in a liquid-crystal panel shown in Fig . 7 . 

Fig. 9 is a graphical representation , showing an example 
of a first type of first 7 -characteristic 7 1A, a first type 
of second 7 -characteristic 7 2A, a second type of first 7 
-characteristic 7 IB and a second type of second 7 
-characteristic 7 2B which are used in the liquid-crystal 
display apparatus shown in Fig. 7. 
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Fig. 10 is a graphical representation, showing an 
example of the control of a 7 -characteristic in accordance 
with a transmittance in the liquid-crystal display apparatus 
shown in Fig. 7. 

Fig. 11 is a block diagram, showing the configuration 
of a liquid-crystal display apparatus according to a third 
embodiment of the present invention. 

Fig. 12 is an illustration, showing the configuration 
of a pixel in a liquid-crystal panel shown in Fig. 11. 

Fig. 13 is a graphical representation, showing an 
example of first to seventh types of first 7 -characteristics 
7 1A tor 1G and second 7 -characteristics 7 2A to7 2G which 
are used in the liquid-crystal display apparatus shown in 
Fig. 11. 

Fig. 14 is a graphical representation, showing an 
example of the control of a 7 -characteristic in accordance 
with a transmittance in the liquid-crystal display apparatus 
shown in Fig. 11. 

Fig. 15 is a graphical representation, showing a first 
partially-enlarged part of the graphical representation shown 
in Fig. 14. 

Fig. 16 is a graphical representation, showing a second 
partially-enlarged part of the graphical representation shown 
in Fig. 14. 

Fig. 17 is a graphical representation, showing a third 
partially-enlarged part of the graphical representation shown 
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in Fig . 14 . 

Fig. 18 is a graphical representation, showing a fourth 
partially-enlarged part of the graphical representation shown 
in Fig . 14 . 

Best Mode for Implementing the Invention 

Hereinafter , a matrix- type display apparatus according 
to the present invention will be described with reference 
to the attached drawings. In each embodiment described below, 
a liquid-crystal display apparatus is described as an example 
of the matrix- type display apparatus . However, the matrix- type 
display apparatus to which the present invention is applied 
is not limited especially to this example. It can be similarly 
applied to another matrix-type display apparatus such as 
an organic EL (or electro-luminescence) display apparatus, 
as long as it has a viewing angle characteristic. 

Fig. 1 is a block diagram, showing the configuration 
of a liquid-crystal display apparatus according to a first 
embodiment of the present invention. The liquid-crystal 
display apparatus shown in Fig. 1 includes: a 7 1A converter 
circuit la; a T IB converter circuit lb; a 7 1C converter 
circuit lc; a 7 2A converter circuit 2a; a 7 2B converter 
circuit 2b; a 7 2C converter circuit 2c; selectors 3 to 5 ; 
a panel equalizer circuit 6; a 7 -decision circuit 7; a 
distribution decision circuit 8; a driving circuit 9; and 
a liquid-crystal panel 10. 
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In the 7 1A converter circuit la, the 7 IB converter 
circuit lb, the TIC converter circuit lc, the 7 2A converter 
circuit 2a, the 7 2B converter circuit 2b, the 7 2C converter 
circuit 2c and the panel equalizer circuit 6, a video signal 
IS is inputted which is separate according to each color 
component of R, G, B. In the distribution decision circuit 
8 , a synchronizing signal HV of the video signal IS is inputted, 
such as a vertical synchronizing signal and a horizontal 
synchronizing signal . The video signal IS and the synchronizing 
signal HV are signals which are inputted from a predetermined 
video output circuit (not shown) or the like. 

The 7 1A converter circuit la 7 -converts the video 
signal IS, using a first type of first 7 -characteristic 
7 1A. Then, it outputs the 7 -corrected video signal to the 
selector 3, The 7 2A converter circuit 2a 7 -converts the 
video signal IS, using a first type of second 7 -characteristic 
7 2A. Then, it outputs the 7 -corrected video signal to the 
selector 4. Herein, the first type of first 7 -characteristic 
7 1A and second 7 -characteristic 7 2A are 7 -characteristics 
which are complementary to each other* They are the first 
type of pair of 7 -characteristics used for the video signal 
IS which has a low transmittance . 

Fig. 2 is a graphical representation , showing an example 
of the first type of first 7 -characteristic 7 1A and second 
7 -characteristic 7 2A which are used in the liquid-crystal 
display apparatus shown in Fig. 1. In Fig. 2, as the first 
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type of 7 -characteristics (i.e., the transmittance 
characteristics which correspond to an input level) , a 
transmittance (which is equivalent to an input) which should 
be used for display is used as the horizontal axis and a 
transmittance (which is equivalent to an output) which is 
actually used for display is used as the vertical axis. These 
graphs indicate 7 -characteristics in such a case, and each 
transmittance is a normalized value. 

A reference 7 -characteristic 7 f at the front vision 
(zero degrees) is linear. As shown in the figure, a 7 
-characteristic 7s at a non-front vision (e.g., horizontal 
45 degrees) is shifted from 7f, so that it is deteriorated. 
Incidentally, these reference 7 -characteristic 7 f and 7 
-characteristic 7 s at a non-front vision are also the same 
in the following embodiments. Hence, their description is 
omitted below. 

As shown in Fig. 2, the 7 1A converter circuit la has 
the first type of first 7 -characteristic 7 1A, and the 7 
2A converter circuit 2a has the first type of second 7 
-characteristic 7 2A. The output of the 7 1A converter circuit 
la and the output of the 7 2A converter circuit 2a are switched 
using a change pattern (described later) for a first type 
of pair of 7 -characteristics . Thereby, the first type of 
first 7 -characteristic 7 1A and the first type of second 
7 -characteristic 7 2A are synthesized, so that the 7 
-characteristic after synthesized becomes a first type of 
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synthetic 7 -characteristic 7 A. If this first type of 
synthetic 7 -characteristic 7 A is compared with the reference 
7 -characteristic 7 f at the front vision (zero degrees) as 
well as the 7 -characteristic 7 s at a non-front vision, the 
discrepancy between it and 7 f is smaller than that between 
it and 7s. Hence, it can be seen that its characteristic 
is improved. Besides, the discrepancy between it and the 
reference 7 -characteristic 7 f can be seen to be smaller 
within the range where the transmit tance which should be 
used for display is lower. 

Herein, the distribution area ratio of pixels driven 
using the output of the 7 1A converter circuit la and the 
distribution area ratio of pixels driven using the output 
of the 7 2A converter circuit 2a are set at 1/4:3/4. If the 
transmittance which should be used for display is x, the 
first type of first 7 -characteristic 7 1A and second 7 
-characteristic 7 2A are predetermined so that 7lA(x)+3X 
7 2A(x)=4x is satisfied. 

This means maintaining such a relation that the average 
after multiplied by the distribution area ratios becomes 
the transmittance x which should be used for display. In 
other words, it indicates that the transmittance which has 
been used for display according to the first 7 -characteristic 
and the second 7 -characteristic becomes, on average, the 
initial transmittance x which should be used for display. 
Incidentally, the following description is also the same. 
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In this embodiment, the first type of first 7 
-characteristic 7 1A and second 7 -characteristic 7 2A are 
determined, for example, as a reference, using the skin color 
of the video signal IS. This is because the skin color is 
a color to which humans are most visually- sensitive and visual 
sense characteristics on the skin color is most visible. 
In this respect, the other 7 -characteristics are also the 
same . 

The 7 IB converter circuit lb 7 -converts the video 
signal IS, using a second type of first 7 -characteristic 
7 IB. Then, it outputs the 7 ^corrected video signal to the 
selector 3. The 7 2B converter circuit 2b 7 "converts the 
video signal IS , using a second type of second 7 -characteristic 
7 2B. Then, it outputs the 7 "corrected video signal to the 
selector 4 . Herein, the second type of first 7 -characteristic 
7 IB and second 7 -characteristic 7 2B are 7 -characteristics 
which are complementary to each other. They are the second 
type of pair of 7 -characteristics used for the video signal 
IS which has an intermediate transmittance . 

Fig. 3 is a graphical representation , showing an example 
of the second type of first 7 -characteristic 7 IB and second 
7 -characteristic 7 2B which are used in the liquid-crystal 
display apparatus shown in Fig. 1. As shown in Fig. 3, the 
7 IB converter circuit lb has the second type of first 7 
-characteristic 7 IB, and the 7 2B converter circuit 2b has 
the second type of second 7 -characteristic 7 2B. The output 
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of the 7 IB converter circuit lb and the output of the 7 2B 
converter circuit 2b are switched using a change pattern 
(described later) for a second type of pair of 7 
-characteristics. Thereby, the second type of first 7 
-characteristic 7 IB and the second type of second 7 
-characteristic 7 2B are synthesized, so that the 7 
-characteristic after synthesized becomes a second type of 
synthetic 7 -characteristic 7 B. If this second type of 
synthetic 7 -characteristic 7 B is compared with the reference 
7 -characteristic 7 f at the front vision as well as the 
7 -characteristic 7 s at a non-front vision, the discrepancy 
between it and 7 f is smaller than that between it and 7 s, 
Hence, it can be seen that its characteristic is improved. 
Besides, the discrepancy between it and the reference 7 
-characteristic 7 f can be seen to be smaller within the range 
where the transmittance which should be used for display 
is intermediate. 

Herein, the distribution area ratio of pixels driven 
using the output of the 7 IB converter circuit lb and the 
distribution area ratio of pixels driven using the 7 2B 
converter circuit 2b are set at 2/4:2/4. If the transmittance 
which should be used for display is x, the second type of 
first 7 -characteristic 7 IB and second 7 -characteristic 
7 2B are predetermined so that 2 X 7 IB ( x ) +2 X 7 2B ( x ) =4x is 
satisfied . 

The 7 1C converter circuit lc 7 -converts the video 
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signal IS, using a third type of first 7 -characteristic 
TIC. Then, it outputs the 7 -corrected video signal to the 
selector 3. The 7 2C converter circuit 2c 7 -converts the 
video signal IS , using a third type of second 7 -characteristic 
7 2C. Then, it outputs the 7 -corrected video signal to the 
selector 4. Herein, the third type of first 7 -characteristic 
7 1C and second 7 -characteristic 7 2C are 7 -characteristics 
which are complementary to each other. They are the third 
type of pair of 7 -characteristics used for the video signal 
IS which has a high transmittance. 

Fig. 4 is a graphical representation , showing an example 
of the third type of first 7 -characteristic 7 1C and second 
7 -characteristic 7 2C which are used in the liquid-crystal 
display apparatus shown in Fig. 1. As shown in Fig. 4, the 
7 1C converter circuit lc has the third type of first 7 
-characteristic 7 1C, and the 7 2C converter circuit 2c has 
the third type of second 7 -characteristic 7 2C. The output 
of the 7 1C converter circuit lc and the 7 2C converter circuit 
2c are switched using a change pattern (described later) 
for a third type of pair of 7 -characteristics . Thereby, the 
third type of first 7 -characteristic 7 1C and the third type 
of second 7 -characteristic 7 2C are synthesized, so that 
the 7 -characteristic after synthesized becomes a third type 
of synthetic 7 -characteristic 7C. If this third type of 
synthetic 7 -characteristic 7 C is compared with the reference 
7 -characteristic 7 f at the front vision as well as the 
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7 -characteristic 7 s at a non-front vision, the discrepancy 
between it and 7 f is smaller than that between it and 7 s. 
Hence, it can be seen that its characteristic is improved. 
Besides, the discrepancy between it and the reference 7 
-characteristic 7f can be seen to be smaller within the range 
where the transmittance which should be used for display 
is higher. 

Herein, the distribution area ratio of pixels driven 
using the output of the 7 1C converter circuit lc and the 
distribution area ratio of pixels driven using the 7 2C 
converter circuit 2c are set at 3/4:1/4. If the transmittance 
which should be used for display is x, the third type of 
first 7 -characteristic 7 1C and second 7 -characteristic 
7 2C are predetermined so that 3X7 lC(x)+ 7 2C(x)=4x is 
satisfied . 

Incidentally, the configuration of a 7 -converter 
circuit is not limited especially to the above described 
example, and thus, various changes can be made. A variety 
of configurations can be used, such as an analog system, 
an arithmetic system and an ROM-table system. Besides, in 
a liquid-crystal display apparatus, because of 
characteristics of a color filter, a back light, or the like, 
7 -characteristics are not coincident over every gradation 
among RGB signals . Hence, it has a color- shift characteristic . 
Therefore, in order to restrain a change in hue or the like 
and correct a viewing angle, a 7 -converter circuit may be 
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provided for each RGB signal. 

The panel equalizer circuit 6 is a circuit which has 
a conversion characteristic equivalent to an input-and-output 
characteristic P(x) of the liquid-crystal panel 10 . It outputs 
a video signal into which the video signal IS has been converted 
using the input-and-output characteristic P(x) of the 
liquid-crystal panel 10, to the 7 -decision circuit 7 and the 
distribution decision circuit 8. 

The 7 -decision circuit 7 specifies a transmittance 
to be used for display from the video signal corrected by 
use of the input-and-output characteristic P(x) of the 
liquid-crystal panel 10. Then, it outputs, to the selectors 
3 and 4, a selection signal SI for selecting a 7 -converter 
circuit which executes a 7 -conversion using the pair of 
7 -characteristics which corresponds to the transmittance 
it has specified. The relation between a transmittance and 
first to third types of pairs of 7 -characteristics is stored 
in advance, for example, in an ROM- table form or the like 
inside of the 7 -decision circuit 7. 

The distribution decision circuit 8 specifies the pixel 
position of the video signal IS on the display screen of 
the liquid-crystal panel 10 , as a reference , using the vertical 
synchronizing signal and horizontal synchronizing signal 
of the synchronizing signal HV. It also specifies a 
transmittance to be used for display from the video signal 
corrected by use of the input-and-output characteristic P(x) 
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of the liquid-crystal panel 10. Then, it outputs, to the 
selector 5, a selection signal S2 for changing the 7 
-characteristic using the change pattern which corresponds 
beforehand to the pair of 7 -characteristics of the 
transmittance it has specified. Incidentally, the 
configuration of a 7 -decision circuit and a distribution 
decision circuit is not limited especially to the above 
described example, and thus, various changes can be made. 
Without the panel equalizer circuit 6, a transmittance may 
also be calculated from the video signal IS in a 7 -decision 
circuit and a distribution decision circuit. 

The selector 3 selects one output from among the three 
outputs of the 7 1A converter circuit la, the 7 IB converter 
circuit lb and the 7 1C converter circuit lc according to 
the selection signal SI. Then, it outputs it to the selector 
5. It selects the output of the 7 1A converter circuit la 
if the transmittance is low, selects the output of the 7 
IB converter circuit lb if the transmittance is intermediate, 
and selects the output of the 7 1C converter circuit lc if 
the transmittance is high. 

The selector 4 selects one output from among the three 
outputs of the 7 2A converter circuit 2a, the 7 2B converter 
circuit 2b and the 7 2C converter circuit 2c according to 
the selection signal SI. Then, it outputs it to the selector 
5. It selects the output of the 7 2A converter circuit 2a 
if the transmittance is low, selects the output of the 7 
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2B converter circuit 2b if the transmittance is intermediate, 
and selects the output of the 7 2C converter circuit 2c if 
the transmittance is high. 

The selector 5 selects one output out of the two outputs 
of the selectors 3, 4 according to the selection signal S2 
and outputs it to the driving circuit 9. If the transmittance 
is low, it switches the outputs of the 7 1A converter circuit 
la and the 7 2A converter circuit 2a to a change pattern for 
a first type of pair of 7 -characteristics . If the transmittance 
is intermediate, it switches the outputs of the 7 IB converter 
circuit lb and the 7 2B converter circuit 2b to a change pattern 
for a second type of pair of 7 -characteristics. If the 
transmittance is high, it switches the outputs of the 7 1C 
converter circuit lc and the 7 2C converter circuit 2c to 
a change pattern for a third type of pair of 7 -characteristics . 

Figs. 5A to 5C are illustrations, showing an example 
of the change patterns for the first to third types of pairs 
of 7 -characteristics which are used in the liquid-crystal 
display apparatus shown in Fig. 1. Fig. 5A shows the change 
pattern for the first type of pair of 7 -characteristics . 
Fig. 5B shows the change pattern for the second type of pair 
of 7 -characteristics . Fig. 5C shows the change pattern for 
the third type of pair of 7 -characteristics . In Figs. 5A 
to 5C, only patterns for four adjacent pixels are indicated. 
These patterns are repeated on the liquid-crystal panel 10, 
so that the 7 -characteristics are changed over the whole 
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display screen . Incidentally, the polarity of a driving voltage 
for each pixel is inverted in each frame, but in Figs. 5A 
to 5C, such a polarity is not shown in the figure. 

First, as shown in Fig. 5A, in the change pattern for 
the first type of pair of 7 -characteristics, the first type 
of first 7 -characteristic 7 1A is used only for one pixel 
(i.e., the lower-left pixel) of the four pixels. The first 
type of second 7 -characteristic 7 2A is used for the other 
pixels. Therefore, the percentage of the distribution area 
ratio of pixels driven using the output of the first type 
of first 7 -characteristic 7 1A and the distribution area 
ratio of pixels driven using the output of the first type 
of second 7 -characteristic 7 2A is 1/4:3/4. 

Next, as shown in Fig. 5B, in the change pattern for 
the second type of pair of 7 -characteristics , the second 
type of first 7 -characteristic 7 IB is used for two pixels 
(i.e., the lower-left and upper-right pixels) of the four 
pixels. The second type of second 7 -characteristic 7 2B is 
used for the other two pixels. Therefore, the percentage 
of the distribution area ratio of pixels driven using the 
output of the second type of first 7 -characteristic 7 IB 
and the distribution area ratio of pixels driven using the 
output of the second type of second 7 -characteristic 7 2B 
is 2/4:2/4. 

Lastly, as shown in Fig. 5C, in the change pattern for 
the third type of pair of 7 -characteristics , the third type 
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of second 7 -characteristic 7 2C is used only for one pixel 
(i.e., the upper-left pixel) of the four pixels. The third 
type of first 7 -characteristic 7 1C is used for the other 
pixels. Therefore, the percentage of the distribution area 
ratio of pixels driven using the output of the third type 
of first 7 -characteristic 7 1C and the distribution area 
ratio of pixels driven using the output of the third type 
of second 7 -characteristic 7 2C is 3/4:1/4. 

The driving circuit 9 is formed by a polarity inverting 
circuit, a gate driving circuit, a source driving circuit, 
or the like. Using a video signal outputted from the selector 
5, it drives the liquid-crystal panel 10 through the source 
driving circuit. Then, it displays an image indicated by 
the video signal IS in the liquid-crystal panel 10. The 
liquid-crystal panel 10 is a liquid-crystal panel which 
includes a plurality of pixels disposed in matrix form. For 
example, a TN (or twisted nematic) liquid-crystal panel, 
or a PVA (or patterned vertical alignment) liquid-crystal 
panel, can be used. 

Herein, the number of pairs of 7 -characteristics is 
not limited especially to the above described example. Two, 
four, or more, may also be used. Furthermore, the change 
pattern is not limited especially to the above described 
example, and thus, another change pattern may also be used. 
Moreover, the pixel unit in which the 7 -characteristic is 
changed is not limited especially to the above described 



25 



P1506 



example. It may also be changed for an R-pixel, a G-pixel 
and a B-pixel, respectively, as one pixel. In addition, the 
configuration of a selector is not limited especially to 
the above described example. Various changes can be made, 
including forming the selectors 3 to 5 by a single selector. 
In these respects, the other embodiments are also the same. 

In this embodiment, the liquid-crystal panel 10 
corresponds to an example of the display panel; the 7 1A 
converter circuit la, the 7 IB converter circuit lb, the 
TIC converter circuit lc, the 7 2A converter circuit 2a, 
the 7 2B converter circuit 2b and the 7 2C converter circuit 
2c, to an example of the converting means; and the selectors 
3 to 5, the 7 -decision circuit 7 and the distribution decision 
circuit 8, to an example of the selecting means. 

Herein , let ' s generalize the above described processing . 
If the number of types of pairs of 7 -characteristics is n 
(which is an integer of two or above), then in a block unit 
of (n+1) pixels per block, one output is selected from among 
the 2n 7 -corrected outputs, so that the distribution area 
ratio of first pixels driven by a video signal 7 -corrected 
by use of the first 7 -characteristic of each pair of 7 
-characteristics and the distribution area ratio of second 
pixels driven by a video signal 7 -corrected by use of the 
second 7 -characteristic are equal to a distribution area 
ratio specified in advance for each pair of 7 -characteristics . 
At this time, the first and second distribution area ratios 
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for each pair of 7 -characteristics are selected out of k/ ( n + 1 ) 
and (l-k)/(n+l), if k is an integer of one to n. 

Next, an example will be described of the control of 
a 7 -characteristic in accordance with a transmittance in 
the liquid-crystal display apparatus which has the above 
described configuration . Fig. 6 is a graphical representation , 
showing the example of the control of a 7 -characteristic 
in accordance with a transmittance in the liquid-crystal 
display apparatus shown in Fig. 1. 

As shown in Fig. 6, first, if the transmittance which 
should be used for display is within a range of 0 to TA, 
the 7 -decision circuit 7 outputs, to the selectors 3, 4, a 
selection signal SI for selecting the 7 1A converter circuit 
la and the 7 2A converter circuit 2a. Then, the selectors 
3, 4 select the outputs of the 7 1A converter circuit la and 
the 7 2A converter circuit 2a and output them to the selector 
5 . The distribution decision circuit 8 outputs , to the selector 
5, a selection signal S2 for changing the outputs of the 
7 1A converter circuit la and the 7 2A converter circuit 2a 
using a change pattern for the first type of pair of 7 
-characteristics. Using the change pattern for the first 
type of pair of 7 -characteristics , the selector 5 switches 
the outputs of the 7 1A converter circuit la and the 7 2A 
converter circuit 2a. Then, it outputs, to the driving circuit 
9, a video signal 7 -corrected by use of the first type of 
synthetic 7 -characteristic 7 A. As a result, if the 
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transmittance which should be used for display is within 
the range of 0 to TA, the liquid-crystal panel 10 can be 
driven using the video signal 7 -corrected by use of the first 
type of synthetic 7 -characteristic 7 A which is least shifted 
from the reference 7 -characteristic 7f. 

Next, if the transmittance which should be used for 
display is within a range of TA to TB, the 7 -decision circuit 
7 outputs, to the selectors 3, 4, a selection signal SI for 
selecting the 7 IB converter circuit lb and the 7 2B converter 
circuit 2b- Then, the selectors 3, 4 select the outputs of 
the 7 IB converter circuit lb and the 7 2B converter circuit 
2b and output them to the selector 5* The distribution decision 
circuit 8 outputs, to the selector 5, a selection signal 
S2 for changing the outputs of the 7 IB converter circuit 
lb and the 7 2B converter circuit 2b using a change pattern 
for the second type of pair of 7 -characteristics . Using the 
change pattern for the second type of pair of 7 -characteristics , 
the selector 5 switches the outputs of the 7 IB converter 
circuit lb and the 7 2B converter circuit 2b. Then, it outputs, 
to the driving circuit 9, a video signal 7~ corrected by 
use of the second type of synthetic 7 -characteristic 7B. 
As a result, if the transmittance which should be used for 
display is within the range of TA to TB , the liquid-crystal 
panel 10 can be driven using the video signal 7 -corrected 
by use of the second type of synthetic 7 -characteristic 
7 B which is least shifted from the reference 7 -characteristic 
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Sequentially, if the transmittance which should be 
used for display is within a range of TB to 1, the 7 -decision 
circuit 7 outputs, to the selectors 3, 4, a selection signal 
SI for selecting the 7 1C converter circuit 1c and the 7 2C 
converter circuit 2c. Then, the selectors 3, 4 select the 
outputs of the 7 1C converter circuit lc and the 7 2C converter 
circuit 2c and output them to the selector 5. The distribution 
decision circuit 8 outputs, to the selector 5, a selection 
signal S2 for changing the outputs of the 7 1C converter circuit 
lc and the 7 2C converter circuit 2c using a change pattern 
for the third type of pair of 7 -characteristics . Using the 
change pattern for the third type of pair of 7 -characteristics , 
the selector 5 switches the outputs of the 7 1C converter 
circuit lc and the 7 2C converter circuit 2c . Then , it outputs , 
to the driving circuit 9, a video signal 7 "corrected by use 
of the third type of synthetic 7 -characteristic 7C. As a 
result, if the transmittance which should be used for display 
is within the range of TB to 1, the liquid-crystal panel 
10 can be driven using the video signal 7 "corrected by use 
of the third type of synthetic 7 -characteristic 7 C which 
is least shifted from the reference 7 -characteristic 7f. 

In this way, in this embodiment, the video signal IS 
is 7 -converted, using three pairs of 7 -characteristics which 
are made up of first and second 7 -characteristics different 
from each other. Then, one pair of 7 -characteristics are 
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selected from among the three pairs of 7 -characteristics 
according to a transmittance to be used for display, and 
one output is selected from among the six outputs so that 
the distribution area ratio of pixels driven by the video 
signal 7 -corrected by use of the first 7 -characteristic 
of the selected pairs of 7 -characteristics and the 
distribution area ratio of pixels driven by the video signal 
as 7 corrected by use of the second 7 -characteristic of 
the selected pairs of 7 -characteristics are equal to a 
distribution area ratio specified in advance for each pair 
of 7 -characteristics- Therefore, the video signals 7 
-corrected by use of the first and the second 7 -characteristics 
most suitable for a transmittance to be used for display 
are selected at the most suitable distribution area ratio 
for the transmittance to be used for display. This helps 
realize a good viewing angle characteristic at every 
transmittance . 

Next, a liquid-crystal display apparatus according 
to a second embodiment of the present invention will be 
described. Fig. 7 is a block diagram , showing the configuration 
of the liquid-crystal display apparatus according to the 
second embodiment of the present invention . The liquid-crystal 
display apparatus shown in Fig. 7 includes: a 7 1A converter 
circuit la; a 7 IB converter circuit lb; a 7 2A converter 
circuit 2a; a 7 2B converter circuit 2b; selectors 3 to 5; 
a panel equalizer circuit 6; a 7 -decision circuit 7; a 
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distribution decision circuit 8; a driving circuit 9; and 
a liquid-crystal panel 10a. 

Fig. 8 is an illustration, showing the configuration 
of a pixel in a liquid-crystal panel shown in Fig. 7. In 
the liquid-crystal panel 10a, a pixel PI as one pixel is 
made up of a first sub-pixel SI which has a pixel area of 
Sa and a second sub-pixel S2 which has a pixel area of 2Sa. 
It is a liquid-crystal panel in which a plurality of such 
pixels are disposed in matrix form. The first sub-pixel SI 
and the second sub-pixel S2 are separately driven by two 
TFTs (or thin-film transistors, not shown). 

As described above, the ratio of the pixel area of 
the first sub-pixel SI to the pixel area of the second sub-pixel 
S2 is 1:2. The first T -characteristic is used for either 
of the first sub-pixel SI and the second sub-pixel S2 while 
the second 7 -characteristic is used for the other. Thereby, 
the distribution area ratio of a sub-pixel for which the 
first 7 -characteristic is used and the distribution area 
ratio of a sub-pixel for which the second 7 -characteristic 
is used can be set at 2/3:1/3 or 1/3:2/3. 

Incidentally, as the liquid-crystal panel 10a, various 
ones can be used, as long as it has sub-pixels. For example, 
such a liquid-crystal panel can be used as disclosed in Japanese 
Patent Laid-open No. 7-191634 specification, Japanese Patent 
Laid-Open No. 8-15723 specification, Japanese Patent 
Laid-Open No. 8-201777 specification, or Japanese Patent 
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Laid-Open No. 10-142577 specification. Besides, the number 
of sub-pixels included in one pixel is not limited especially 
to the above described example . Thus, three or more sub-pixels 
may also be used. In addition, the size of each sub-pixel 
or each pixel is not necessarily unified, and thus, different 
sizes may also be used at the same time. In these respects, 
a third embodiment described below is also the same. 

In the T 1A converter circuit la, the TIB converter 
circuit lb, the 7 2A converter circuit 2a, the 7 2B converter 
circuit 2b and the panel equalizer circuit 6, a video signal 
IS is inputted which is separate according to each color 
component of R # G, B. In the distribution decision circuit 
8 , a synchronizing signal HV of the video signal IS is inputted , 
such as a vertical synchronizing signal and a horizontal 
synchronizing signal . 

The 7 1A converter circuit la 7 -converts the video 
signal IS, using a first type of first 7 -characteristic 
7 1A. Then, it outputs the 7 -corrected video signal to the 
selector 3. The 7 2A converter circuit 2a 7 -converts the 
video signal IS, using a first type of second 7 -characteristic 
7 2A. Then, it outputs the 7 -corrected video signal to the 
selector 4. Herein, the first type of first 7 -characteristic 
7 1A and second 7 -characteristic 7 2A are 7 -characteristics 
which are complementary to each other* They are the first 
type of pair of 7 -characteristics used for the video signal 
IS which has a low transmittance . 
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The 7 IB converter circuit lb 7 -converts the video 
signal IS, using a second type of first 7 -characteristic 
7 IB. Then, it outputs the 7 -corrected video signal to the 
selector 3. The 7 2B converter circuit 2b 7 -converts the 
video signal IS , using a second type of second 7 -characteristic 
T 2B. Then, it outputs the 7 -corrected video signal to the 
selector 4 . Herein, the second type of first 7 -characteristic 
7 IB and second 7 -characteristic 7 2B are 7 -characteristics 
which are complementary to each other. They are the second 
type of pair of 7 -characteristics used for the video signal 
IS which has a high transmittance. 

Fig. 9 is a graphical representation , showing an example 
of the first type of first 7 -characteristic 7 1A, the first 
type of second 7 -characteristic 7 2A, the second type of 
first 7 -characteristic 7 IB and the second type of second 
7 -characteristic 7 2B which are used in the liquid-crystal 
display apparatus shown in Fig. 7. As shown in Fig. 9, the 
7 1A converter circuit la has the first type of first 7 
-characteristic 7 1A, and the 7 2A converter circuit 2a has 
the first type of second 7 -characteristic 7 2A. Then, the 
7 IB converter circuit lb has the second type of first 7 
-characteristic 7 IB, and the 7 2B converter circuit 2b has 
the second type of second 7 -characteristic 7 2B. 

The panel equalizer circuit 6 is a circuit which has 
a conversion characteristic equivalent to an input-and-output 
characteristic P(x) of the liquid -crystal panel 10a. It outputs 
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a video signal into which the video signal IS has been converted 
using the input -and-output characteristic P(x) of the 
liquid-crystal panel 10a, to the 7 -decision circuit 7 and 
the distribution decision circuit 8. 

The 7 -decision circuit 7 specifies a transmittance 
to be used for display from the video signal corrected by 
use of the input -and-output characteristic P(x) of the 
liquid-crystal panel 10a. Then, it outputs, to the selectors 
3 and 4, a selection signal SI for selecting a 7 -converter 
circuit which executes a 7 -conversion using the first and 
second 7 -characteristics of the pair of 7 -characteristics 
which corresponds to the transmittance it has specified* 

The distribution decision circuit 8 specifies the pixel 
position of the video signal IS on the display screen of 
the liquid- crystal panel 10a, as a reference, using the vertical 
synchronizing signal and horizontal synchronizing signal 
of the synchronizing signal HV. It also specifies a 
transmittance to be used for display from the video signal 
corrected by use of the input -and-output characteristic P(x) 
of the liquid-crystal panel 10a. Then, it outputs, to the 
selector 5, a selection signal S2 for driving a sub-pixel 
using the distribution area ratio which corresponds beforehand 
to the pair of 7 -characteristics of the transmittance it 
has specified. 

The selector 3 selects one output out of the two outputs 
of the 7 1A converter circuit la and the 7 IB converter circuit 
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lb according to the selection signal SI. Then, it outputs 
it to the selector 5 . It selects the output of the 7 1A converter 
circuit la if the transmittance is low, and selects the output 
of the 7 IB converter circuit lb if the transmittance is high. 

The selector 4 selects one output out of the two outputs 
of the 7 2A converter circuit 2a and the 7 2B converter circuit 
2b according to the selection signal SI. Then, it outputs 
it to the selector 5 . It selects the output of the 7 2A converter 
circuit 2a if the transmittance is low, and selects the output 
of the 7 2B converter circuit 2b if the transmittance is high. 

The selector 5 selects an output to be supplied to 
the liquid-crystal panel 10a out of the two outputs of the 
selectors 3, 4 according to the selection signal S2. Then, 
it outputs it to the driving circuit 9. If the transmittance 
is low, in other words, if the first type of pair of 7 
-characteristics is selected, then the outputs of the 7 1A 
converter circuit la and the 7 2A converter circuit 2a are 
outputted to the driving circuit 9, so that the percentage 
of the distribution area ratio of a sub-pixel which is driven 
using the output of the first type of first 7 -characteristic 
7 1A and the distribution area ratio of a sub-pixel which 
is driven using the output of the first type of second 7 
-characteristic 7 2A becomes 1/3:2/3. On the other hand. If 
the transmittance is high, in other words, if the second 
type of pair of 7 -characteristics is selected , then the outputs 
of the 7 IB converter circuit lb and the 7 2B converter circuit 
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2b are outputted to the driving circuit 9 , so that the percentage 
of the distribution area ratio of a sub-pixel which is driven 
using the output of the second type of first 7 -characteristic 
7 IB and the distribution area ratio of a sub-pixel which 
is driven using the output of the second type of second 7 
-characteristic 7 2B becomes 2/3:1/3. 

The driving circuit 9 is formed by a polarity inverting 
circuit, a gate driving circuit, a source driving circuit, 
or the like. Using a video signal outputted from the selector 
5, it drives the liquid-crystal panel 10a through the source 
driving circuit. Then, it displays an image indicated by 
the video signal IS in the liquid-crystal panel 10a. 

In this embodiment, the liquid-crystal panel 10a 
corresponds to an example of the display panel; the 7 1A 
converter circuit la, the 7 IB converter circuit lb, the 
7 2A converter circuit 2a and the 7 2B converter circuit 2b, 
to an example of the converting means; and the selectors 
3 to 5, the 7 -decision circuit 7 and the distribution decision 
circuit 8, to an example of the selecting means. 

Herein , let ' s generalize the above described processing . 
If the number of types of pairs of 7 -characteristics is n 
(which is an integer of two or above) and if each pixel of 
the display panel is made up of a first sub-pixel which has 
a first pixel area Sa and a second sub-pixel which has a 
second pixel area Sb (=mXSa, herein, m>l), then in a block 
unit of the first sub-pixel and the second sub-pixel per 
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block, an output to be supplied to the liquid-crystal panel 
is selected from among the 2n 7 "corrected outputs, so that 
the percentage of the first distribution area ratio of 
sub-pixels driven by a video signal 7 "corrected by use of 
the first 7 -characteristic of each pair of 7 -characteristics 
and the second distribution area ratio of sub-pixels driven 
by a video signal 7 -corrected by use of the second 7 
-characteristic are equal to a distribution area ratio 
specified in advance for each pair of 7 -characteristics. 
At this time, the first distribution area ratio and the second 
7 distribution area ratios for each pair of 7 -characteristics 
are selected out of l/(m+l) and m/(m+l). Herein, it is 
preferable that the above described second pixel area Sb 
satisfy the relation of 1 . 5Sa^ Sb^ 3Sa . In this case, without 
lowering a display definition, using a display panel which 
includes two types of sub-pixels, a good viewing angle 
characteristic can be realized at a wide-ranging 
transmittance . 

Next, an example will be described of the control of 
a 7 -characteristic in accordance with a transmittance in 
the liquid-crystal display apparatus which has the above 
described configuration . Fig, 10 is a graphical representation , 
showing the example of the control of a 7 -characteristic 
in accordance with a transmittance in the liquid-crystal 
display apparatus shown in Fig. 7. 

As shown in Fig. 10, first, if the transmittance which 
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should be used for display is within a range of 0 to TA, 
the 7 -decision circuit 7 outputs, to the selectors 3, 4, a 
selection signal SI for selecting the 7 1A converter circuit 
la and the 7 2A converter circuit 2a. Then, the selectors 
3, 4 select the outputs of the 7 1A converter circuit la and 
the 7 2A converter circuit 2a and output them to the selector 
5 . The distribution decision circuit 8 outputs , to the selector 
5, a selection signal S2 for driving the first sub-pixel 
SI using the output of the first type of first 7 -characteristic 
7 1A and driving the second sub-pixel S2 using the output 
of the first type of second 7 -characteristic 7 2A. The selector 
5 selects the outputs of the 7 1A converter circuit la and 
the 7 2A converter circuit 2a, so that the driving circuit 
9 can drive the first sub-pixel SI using the output of the 
first type of first 7 -characteristic 7 1A and drive the second 
sub-pixel S2 using the output of the first type of second 
7 -characteristic 7 2A. Then, it outputs them to the driving 
circuit 9. Consequently, if the transmit tance which should 
be used for display is within the range of 0 to TA, the 
liquid-crystal panel 10a can be driven using the video signal 
7 -corrected by use of the first type of synthetic 7 
-characteristic 7 A which is least shifted from the reference 
7 -characteristic 7 f . 

Next, if the transmittance which should be used for 
display is within a range of TA to 1, the 7 -decision circuit 
7 outputs, to the selectors 3, 4, a selection signal SI for 
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selecting the 7 IB converter circuit lb and the 7 2B converter 
circuit 2b. Then, the selectors 3, 4 select the outputs of 
the 7 IB converter circuit lb and the 7 2B converter circuit 
2b and output them to the selector 5 . The distribution decision 
circuit 8 outputs, to the selector 5, a selection signal 
S2 for driving the second sub-pixel S2 using the output of 
the second type of first 7 -characteristic 7 IB and driving 
the first sub-pixel SI using the output of the second type 
of second 7 -characteristic 7 2B. The selector 5 selects the 
outputs of the 7 IB converter circuit lb and the 7 2B converter 
circuit 2b, so that the driving circuit 9 can drive the second 
sub-pixel S2 using the output of the second type of first 
7 -characteristic 7 IB and drive the first sub-pixel SI using 
the output of the second type of second 7 -characteristic 
7 2B. Then, it outputs them to the driving circuit 9. As a 
result, if the transmittance which should be used for display 
is within the range of TA to 1, the liquid-crystal panel 
10a can be driven using the video signal 7 "corrected by use 
of the second type of synthetic 7 -characteristic 7B which 
is least shifted from the reference 7 -characteristic 7 f . 

As described above , in this embodiment , the video signal 
IS is 7 -converted, using two pairs of 7 -characteristics 
which are made up of first and second 7 -characteristics 
different from each other . Then, one pair of 7 -characteristics 
are selected out of the two pairs of 7 -characteristics 
according to a transmittance to be used for display, and 
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an output to be supplied to the liquid-crystal panel 10a 
is selected from among the four outputs so that the distribution 
area ratio of sub -pixels driven by the video signal 7 -corrected 
by use of the first 7 -characteristic of the selected pairs 
of 7 -characteristics and the distribution area ratio of 
sub-pixels driven by the video signal 7 -corrected by use 
of the second 7 -characteristic of the selected pairs of 
7 -characteristics are equal to a distribution area ratio 
specified in advance for each pair of 7 -characteristics . 
Therefore, the video signals 7~ corrected by use of the first 
and the second 7 -characteristics most suitable for a 
transmittance to be used for display are selected at the 
most suitable distribution area ratio for the transmittance 
to be used for display. This helps realize a good viewing 
angle characteristic at every transmittance. 

Next, a liquid-crystal display apparatus according 
to a third embodiment of the present invention will be described . 
Fig. 11 is a block diagram, showing the configuration of 
the liquid-crystal display apparatus according to the third 
embodiment of the present invention. The liquid-crystal 
display apparatus shown in Fig. 11 includes: a 7 1A converter 
circuit la to a 7 1G converter circuit lg, seven in total; 
a 7 2A converter circuit 2a to a 7 2G converter circuit 2g, 
seven in total; selectors 3 to 5; a panel equalizer circuit 
6; a 7 -decision circuit 7; a distribution decision circuit 
8; a driving circuit 9; and a liquid-crystal panel 10b. 
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Fig. 12 is an illustration, showing the configuration 
of a pixel in a liquid-crystal panel shown in Fig. 11. In 
the liquid-crystal panel 10b, pixels PI, P2 as one pixel 
is made up of a first sub-pixel SI which has a pixel area 
of Sa and a second sub-pixel S2 which has a pixel area of 
1.5Sa. It is a liquid-crystal panel in which a plurality 
of such pixels are disposed in matrix form. The first sub-pixel 

51 and the second sub-pixel S2 are separately driven by two 
TFTs (not shown). In a block BL of two pixels PI, P2 , the 
four sub-pixel SI, S2 are individually driven by four TFTs. 

As described above, the ratio of the pixel area of 
the first sub-pixel SI to the pixel area of the second sub-pixel 

52 is 2:3. Inside of such a single block BL , the combination 
of the first sub-pixel SI and the second sub-pixel S2 is 
variously changed. Thereby, the distribution area ratio of 
a sub-pixel for which the first 7 -characteristic is used 
and the distribution area ratio of a sub-pixel for which 
the second 7 -characteristic is used can be set at 2/10:8/10, 
3/10:7/10, 4/10:6/10, 5/10:5/10, 6/10:4/10, 7/10:3/10, or 
8/10:2/10. 

In the 7 1A converter circuit la to the 7 1G converter 
circuit lg, the 7 2A converter circuit 2a to the 7 2G converter 
circuit 2g and the panel equalizer circuit 6, a video signal 
IS is inputted which is separate according to each color 
component of R, G, B. In the distribution decision circuit 
8 , a synchronizing signal HV of the video signal IS is inputted. 
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such as a vertical synchronizing signal and a horizontal 
synchronizing signal . 

The 7 1A converter circuit la 7 -converts the video 
signal IS, using a first type of first 7 -characteristic 
T1A. Then, it outputs the 7 "corrected video signal to the 
selector 3. The 7 2A converter circuit 2a 7 -converts the 
video signal IS, using a first type of second 7 -characteristic 
7 2A. Then, it outputs the 7 -corrected video signal to the 
selector 4. Herein, the first type of first 7 -characteristic 
7 1A and the first type of second 7 -characteristic 7 2A are 
7 -characteristics which are complementary to each other. 
They are the first type of pair of 7 -characteristics used 
for the video signal IS within the lowest transmittance range. 

In the same way as described above, the 7 IB converter 
circuit lb to the 7 1G converter circuit lg 7 -converts the 
video signal IS, using second to seventh types of first 7 
-characteristics 7 IB to 7 1G. Then, it outputs the 7 -corrected 
video signal to the selector 3. The 7 2C converter circuit 
2c to the 7 2G converter circuit 2g 7 -converts the video 
signal IS, using second to seventh types of second 7 
-characteristics 7 2B to 7 2G. Then, it outputs the 7 -corrected 
video signal to the selector 4. Herein, the second to seventh 
types of first 7 -characteristics 7 IB to 7 1G and the second 
to seventh types of second 7 -characteristics 7 2B to 7 2G 
are 7 -characteristics which are complementary to each other, 
respectively. They are the second to seventh types of pairs 
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of 7 -characteristics used for the video signal IS within 
the second to seventh lowest transmit tance range. 

Fig. 13 is a graphical representation, showing an 
example of the first to seventh types of first 7 
-characteristics 7 1A to 7 1G and the second 7 -characteristics 
7 2A to 7 2G which are used in the liquid-crystal display 
apparatus shown in Fig. 11. As shown in Fig. 13, the 7 1A 
converter circuit la has the first type of first 7 
-characteristic 7 1A, and the 7 2A converter circuit 2a has 
the first type of second 7 -characteristic 7 2A. After this, 
similarly, the 7 IB converter circuit lb to the 7 1G converter 
circuit lg have the second to seventh types of first 7 
-characteristics 7 IB to 7 1G, and the 7 2B converter circuit 
2b to the 7 2G converter circuit 2g has the second to seventh 
types of second 7 -characteristics 7 2B to 7 2G. 

The panel equalizer circuit 6 is a circuit which has 
a conversion characteristic equivalent to an input-and-output 
characteristic P(x) of the liquid- crystal panel 10b . It outputs 
a video signal into which the video signal IS has been converted 
using the input-and-output characteristic P(x) of the 
liquid-crystal panel 10b, to the 7 -decision circuit 7 and 
the distribution decision circuit 8. 

The 7 -decision circuit 7 specifies a transmittance 
to be used for display from the video signal corrected by 
use of the input-and-output characteristic P(x) of the 
liquid-crystal panel 10b. Then, it outputs, to the selectors 
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3 and 4, a selection signal SI for selecting a 7 -converter 
circuit which executes a 7 -conversion using the first and 
second 7 -characteristics of the pair of 7 -characteristics 
which corresponds to the transmittance it has specified. 

The distribution decision circuit 8 specifies the pixel 
position of the video signal IS on the display screen of 
the liquid -crystal panel 10b , as a reference , using the vertical 
synchronizing signal and horizontal synchronizing signal 
of the synchronizing signal HV. It also specifies a 
transmittance to be used for display from the video signal 
corrected by use of the input -and-output characteristic P(x) 
of the liquid-crystal panel 10b. Then, it outputs, to the 
selector 5, a selection signal S2 for changing the 7 
-characteristic to the distribution area ratio which 
corresponds beforehand to the pair of 7 -characteristics of 
the transmittance it has specified. 

The selector 3 selects one output from among the seven 
outputs of the 7 1A converter circuit la to the 7 1G converter 
circuit lg according to the selection signal SI. Then, it 
outputs it to the selector 5. It selects the output of the 
7 1A converter circuit la if the transmittance is within the 
lowest range, and selects the outputs of the 7 IB converter 
circuit lb to the 7 1G converter circuit lg according to an 
increase in the transmittance. 

The selector 4 selects one output from among the seven 
outputs of the 7 2A converter circuit 2a to the 7 2G converter 
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circuit 2g according to the selection signal SI. Then, it 
outputs it to the selector 5. It selects the output of the 
7 2A converter circuit 2a if the transmittance is within the 
lowest range, and selects the outputs of the T 2B converter 
circuit 2b to the 7 2G converter circuit 2g according to an 
increase in the transmittance . 

The selector 5 selects an output to be supplied to 
the liquid-crystal panel 10b from among the seven outputs 
of the selectors 3, 4 according to the selection signal S2. 
Then, it outputs it to the driving circuit 9. Specifically, 
if the transmittance is within the lowest range, in other 
words, if the first type of pair of 7 -characteristics is 
selected, then the selector 5 outputs the outputs of the 
7 1A converter circuit la and the 7 2A converter circuit 2a 
to the driving circuit 9, so that the percentage of the 
distribution area ratio of a sub-pixel which is driven using 
the output of the first type of first 7 -characteristic 7 
1A and the distribution area ratio of a sub-pixel which is 
driven using the output of the first type of second 7 
-characteristic 7 2A becomes 2/10:8/10. After this, in the 
same way, if the second to seventh types of pairs of 7 
-characteristics are selected according to an increase in 
the transmittance, then it outputs, to the driving circuit 
9, the outputs of the 7 IB converter circuit lb to the 7 1G 
converter circuit lg and the 7 2B converter circuit 2b to 
the 7 2G converter circuit 2g are outputted to the driving 
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circuit 9, so that the percentage of the distribution area 
ratio of a sub-pixel which is driven using the output of 
the second to seventh types of first 7 -characteristics 7 
IB to 7 1G and the distribution area ratio of a sub-pixel 
which is driven using the output of the second to seventh 
types of second 7 -characteristics 7 2B to 7 2G becomes 
3/10:7/10, 4/10:6/10, 5/10:5/10, 6/10:4/10, 7/10:3/10, 
8/10:2/10, respectively. 

The driving circuit 9 is formed by a polarity inverting 
circuit , a gate driving circuit , a source driving circuit , 
or the like. Using a video signal outputted from the selector 
5, it drives the liquid-crystal panel 10b through the source 
driving circuit. Then, it displays an image indicated by 
the video signal IS in the liquid-crystal panel 10b. 

Herein , let ' s generalize the above described processing . 
If the number of types of pairs of 7 -characteristics is n 
(which is an integer of two or above) and if each pixel of 
the display panel is made up of a first sub-pixel which has 
a first pixel area Sa and a second sub-pixel which has a 
second pixel area Sb (=mXSa, herein, m>l), then in a block 
unit of the two pixels per block, an output to be supplied 
to the liquid-crystal panel is selected from among the 2n 
7 "corrected outputs, so that the percentage of the first 
distribution area ratio of sub-pixels driven by a video signal 
7 -corrected by use of the first 7 -characteristic of each 
pair of 7 -characteristics and the second distribution area 
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ratio of sub-pixels driven by a video signal 7 -corrected 
by use of the second 7 -characteristic are equal to a 
distribution area ratio specified in advance for each pair 
of 7 -characteristics . At this time, the first distribution 
area ratio and the second 7 distribution area ratios for 
each pair of 7 -characteristics are selected from among 
l/(2+2m), m/(2+2m), 2/(2+2m), ( 1+m) / ( 2+2m) , 2m/(2+2m), 
(2+m)/(2+2m) and ( 2m+l ) / ( 2+2m) . Herein, it is preferable 
that the above described second pixel area Sb satisfy the 
relation of 1 . 2Sa^ Sb^ 2Sa . In this case, without lowering 
a display definition, using a display panel which includes 
two types of sub-pixels, a good viewing angle characteristic 
can be realized at a wide-ranging transmittance . 

In this embodiment, the liquid-crystal panel 10b 
corresponds to an example of the display panel; the 7 1A 
converter circuit la to the 7 1G converter circuit lg and 
the 7 2A converter circuit 2a to the 7 2G converter circuit 
2g, to an example of the converting means; and the selectors 
3 to 5, the 7 -decision circuit 7 and the distribution decision 
circuit 8, to an example of the selecting means. 

Next, an example will be described of the control of 
a 7 -characteristic in accordance with a transmittance in 
the liquid-crystal display apparatus which has the above 
described configuration . Fig. 14 is a graphical representation , 
showing the example of the control of a 7 -characteristic 
in accordance with a transmittance in the liquid-crystal 
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display apparatus shown in Fig. 11. Fig. 15 to Fig. 18 are 
a graphical representation, showing first to fourth 
partially-enlarged parts of the graphical representation 
shown in Fig. 14, respectively. 

As shown in Fig. 14 and Fig. 15, first, if the 
transmittance which should be used for display is within 
a range of 0 to TA, the 7 -decision circuit 7 outputs, to the 
selectors 3, 4, a selection signal SI for selecting the 7 
1A converter circuit la and the 7 2A converter circuit 2a. 
Then , the selectors 3 , 4 select the outputs of the 7 1A converter 
circuit la and the 7 2A converter circuit 2a and output them 
to the selector 5 . The distribution decision circuit 8 outputs , 
to the selector 5, a selection signal S2 for setting the 
distribution area ratio of sub-pixels driven using the output 
of the first type of first 7 -characteristic 7 1A and the 
distribution area ratio of sub-pixels driven using the output 
of the first type of second 7 -characteristic 7 2A at 2/10 : 8/10 . 
The selector 5 selects the outputs of the 7 1A converter circuit 
la and the 7 2A converter circuit 2a, so that the percentage 
of the distribution area ratio of sub-pixels driven using 
the output of the first type of first 7 -characteristic 7 
1A and the distribution area ratio of sub-pixels driven using 
the output of the first type of second 7 -characteristic 
7 2A becomes 2/10 : 8/10 . Then, it outputs , to the driving circuit 
9, the video signal 7 "corrected by use of the first type 
of synthetic 7 -characteristic 7 A. Consequently, if the 
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transmittance which should be used for display is within 
the range of 0 to TA, the liquid-crystal panel 10b can be 
driven using the video signal as 7 corrected by use of the 
first type of synthetic 7 -characteristic 7 A which is least 
shifted from the reference 7 -characteristic 7f. 

After this, in the same way as described above, if 
the transmittance which should be used for display is within 
each range of TA to TB , TB to TC , TC to TD , TD to TE , TE 
to TF, TF to 1 (see Fig. 16 to Fig. 18), then the 7 -decision 
circuit 7 outputs, to the selectors 3, 4, a selection signal 
SI for selecting the 7 IB converter circuit lb and the 7 2B 
converter circuit 2b to the 7 1G converter circuit lg and 
the 7 2G converter circuit 2g. Then, the selectors 3, 4 select 
the outputs of the 7 IB converter circuit lb and the 7 2B 
converter circuit 2b to the 7 1G converter circuit lg and 
the 7 2G converter circuit 2g. Sequentially, they output them 
to the selector 5 . The distribution decision circuit 8 outputs , 
to the selector 5, a selection signal S2 for setting the 
distribution area ratio of sub-pixels driven using the output 
of the second to seventh types of first 7 -characteristics 
7 IB to 7 1G and the distribution area ratio of sub-pixels 
driven using the output of the second to seventh types of 
second 7 -characteristics 7 2Bto 7 2G at 3/10:7/10, 4/10:6/10, 
5/10:5/10, 6/10:4/10, 7/10:3/10, 8/10: 2/10, respectively. 
The selector 5 selects the outputs of the 7 IB converter circuit 
lb and the 7 2B converter circuit 2b to the 7 1G converter 
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circuit lg and the 7 2G converter circuit 2g, so that the 
percentage of the distribution area ratio of sub-pixels driven 
using the output of the second to seventh types of first 
7 -characteristics 7 IB to 7 1G and the distribution area ratio 
of sub-pixels driven using the output of the second to seventh 
types of second 7 -characteristics 7 2B to 7 2G becomes 
3/10:7/10, 4/10:6/10, 5/10:5/10, 6/10:4/10, 7/10:3/10, 
8/10:2/10, respectively. Then, it outputs, to the driving 
circuit 9, the video signal 7 "corrected by use of the second 
to seventh types of synthetic 7 -characteristics 7 B to 7 
G. As a result, if the transmittance which should be used 
for display is within each range of TA to TB , TB to TC , TC 
to TD, TD to TE, TE to TF , TF to 1, the liquid-crystal panel 
10b can be driven using the video signal 7 "corrected by use 
of the second to seventh types of synthetic 7 -characteristics 
7 B to 7 G which is least shifted from the reference 7 
-characteristic Tf . 

As described above , in this embodiment , the video signal 
IS is 7 -converted, using seven pairs of 7 -characteristics 
which are made up of first and second 7 -characteristics 
different from each other . Then, one pair of 7 -characteristics 
are selected from among the seven pairs of 7 -characteristics 
according to a transmittance to be used for display, and 
an output to be supplied to the liquid-crystal panel 10a 
is selected from among the fourteen outputs so that the 
distribution area ratio of sub-pixels driven by the video 
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signal as 7 corrected by use of the first 7 -characteristic 
of the selected pairs of 7 -characteristics and the 
distribution area ratio of sub-pixels driven by the video 
signal as 7 corrected by use of the second 7 -characteristic 
of the selected pairs of 7 -characteristics are equal to a 
distribution area ratio specified in advance for each pair 
of 7 -characteristics. Therefore, the video signals 7 
-corrected by use of the first and the second 7 -characteristics 
most suitable for a transmittance to be used for display 
are selected at the most suitable distribution area ratio 
for the transmittance to be used for display. This helps 
realize a good viewing angle characteristic at every 
transmittance . 

Industrial Applicability 

As described so far, the present invention is useful 
for a matrix-type display apparatus or the like which is 
capable of displaying an image by driving a plurality of 
pixels disposed in matrix form and realizing a good viewing 
angle characteristic at a wide-ranging transmittance. 



51 



